Introduction {#S0001}
============

Epileptic disorders affect 50 million people around the world\[[@CIT0001]\], which is one of the most prevalent diseases of central nervous system (CNS) throughout childhood and adolescence up to 16 years of age\[[@CIT0002]--[@CIT0004]\]. There were numerous studies on the presence of immunological alterations in patients with epilepsy and antiepileptic-drug (AED) effects on the immune system. Previous studies showed the possible effects of AEDs on serum immunoglobulin level in epileptic patients\[[@CIT0005]--[@CIT0008]\], but there were few studies about AED effects on serum IgG subclasses\[[@CIT0009]--[@CIT0015]\]. IgG subclass deficiency induced by AEDs predispose patients to specific infections, whereas asymptomatic patients were also reported\[[@CIT0016]\].

The purpose of this study was to assess the effect of antiepileptic drugs \[Carbamazepine (CBZ), Sodium valproate (VPA) or Phenobarbital (PHB)\] on serum IgG and its subclass concentrations of 61 newly diagnosed epileptic children and adolescents.

Subjects and Methods {#S0002}
====================

Sixty one first diagnosed epileptic patients were enrolled in this case series study.

Diagnosis of epilepsy was based on history of seizure, physical examination and EEG (Electroencephalography) findings\[[@CIT0017], [@CIT0018]\].

Seizure type classification was done according to the recommendations of the International League Against Epilepsy\[[@CIT0019]\].

Selection of AEDs for each patient was based on pediatric neurologist decision according to seizure type, age, sex, and EEG findings

Inclusion criteria for this study were age older than 2 years, no previous consumption of immunosuppressive or antiepileptic drugs and monotherapy with CBZ, VPA or PHB.

The study was conducted at the Outpatient Department of Neurology in Children\'s Medical Center affiliated to Tehran University of Medical Sciences (TUMS). This study was reviewed and approved by the Ethics Committee of TUMS. Written informed consent was obtained from children\'s parents.

IgG subclasses measurement was performed using ELISA method\[[@CIT0015]\]. A reasonable guideline for diagnosis of subclass deficiency is the laboratory analyses performed in Immunology, Asthma and Allergy Research Institute (IAARI) affiliated to TUMS. Venous blood was drawn from each patient just before treatment and after 6 months of AED monotherapy, for measuring IgG and its subclasses. In addition, serum AED concentration was measured at later samples.

All serum samples were taken in the morning before AED consumption. The serum samples were stored at -20°C in different aliquots until analyzed. Serum IgG concentrations were measured by means of nephelometric method, (Minineph^TM^ Human IgG Kit, The Binding Site Ltd., Birmingham, UK). The determination of IgG concentration by this method involves a reaction with specific IgG antiserum to form insoluble complexes. By passing light through the formed suspension a portion of the scattered light is detected by a photodiode that is directly proportional to the IgG concentration in the test sample.

Serum levels of IgG subclasses (IgG1, IgG2, IgG3 and IgG4) were measured by ELISA kit (Sanquin, Amsterdam, The Netherlands) according to the manufacturer\'s instruction.

Test samples were incubated in microwell strips coated with highly avid monoclonal antibodies, specific for one of the human IgG subclasses; IgG subclass binds to the solid phase, and peroxidase-conjugated anti-human IgG antiserum was added to each well. After incubation with substrate solution and H~2~O~2~, the reaction was stopped with acid buffer. The absorbance of green colored reaction product was measured at 405 nm by ELISA reader.

A reasonable guideline for diagnosis of subclass deficiency and IgG deficiency is the value less than 2SD (standard deviation) below the mean for age\[[@CIT0020], [@CIT0021]\]. The serum AEDs concentration was measured by High Performance Liquid Chromatography (HPLC) method. The patients were evaluated at monthly intervals for their seizure control, unwanted side effects and manifestations of infectious diseases.

Findings {#S0003}
========

Sixty one epileptic patients (36 males and 25 females), aged 2.5-16 years (median: 8.5 years), were studied during an 18-month period. Generalized tonic clonic seizure was the most frequent seizure type identified in 42 patients (68.8%), followed by partial in 7 cases, (11.4%), atonic in 5 cases (8.1%), absence in 4 cases (6.5%), and mixed type seizures in 3 cases (4.9%). Five patients (8.2%) were classified as symptomatic and 56 patients (91.8%) as idiopathic epilepsy. Age, sex and seizure types of patients are shown in [table 1](#T0001){ref-type="table"}. The median period between the first seizure and beginning of treatment was 30 days.

###### 

Characteristics of epileptic patients

  Seizure type                           Number   Age (year)   Sex (F/M)[\*](#TF0001){ref-type="table-fn"}   
  -------------------------------------- -------- ------------ --------------------------------------------- -------
  **Generalized tonic clonic seizure**   42       8.5          2.5-13                                        15/27
  **Partial seizure**                    7        6            3.5-12                                        3/4
  **Atonic seizure**                     5        8.5          6-16                                          3/2
  **Absence**                            4        10           7-16                                          3/1
  **Mixed type**                         3        10           2.5-11                                        1/2
  ***Total***                            61       8.5          2.5-16                                        25/36

F: Female; M: Male

Patients were classified into 3 groups according to antiepileptic drugs that were given: 27 patients in CBZ group, 20 patients in VPA group, and 14 patients in PHB group.

Characteristics of patients according to drug type are depicted in [table 2](#T0002){ref-type="table"}.

###### 

Antiepileptic Drugs and seizure types in studied groups

  Seizure type                           Drug type        
  -------------------------------------- ----------- ---- ----
  **Generalized tonic clonic seizure**   18          10   14
  **Absence**                            0           4    0
  **Atonic**                             1           4    0
  **Partial seizure**                    5           2    0
  **Mixed type**                         3           0    0
  **Total**                              27          20   14

The serum concentrations of IgG and its subclasses, obtained before AEDs therapy, were within normal limits, except in one case with decreased IgG level. Significant reduction of at least one IgG subclass was found in 6 patients (9.8%) 6 months after treatment with AEDs that is illustrated in [table 3](#T0003){ref-type="table"}. Reduction of more than 2SD of IgG subclasses as compared with age-matched normal values was considered significant\[[@CIT0021]\].

###### 

Characteristics and immunologic findings in patients showing reduction in immunoglobulin G subclasses

  ID      Age (year)   Sex   Drug     Seizure type   Reduced IgG subclass (mg/dL)   Age-matched Normal IgG   Total IgG level (mg/dL)                                            
  ------- ------------ ----- -------- -------------- ------------------------------ ------------------------ ------------------------- --------- ---- ------ ----- ------------ ----
  **1**   8.5          F     CBZ      GTCS           IgG2                           127                      75                        80-550    52   605    394   923±256^c^   \+
  **2**   10           M     CBZ      GTCS           IgG2                           150                      100                       110-550   50   601    412   1124±235     \+
  **3**   7            M     CBZ      GTCS           IgG3                           44                       17                        40-250    24   1325   662   923±256      −
  IgG4    56           7     11-620   49                                                                                                                                        
  **4**   9            M     VPA      GTCS           IgG2                           113                      30                        80-550    83   793    771   1124±235     −
  **5**   9            F     CBZ      GTCS           IgG4                           28                       9                         10-170    19   940    702   1124±235     −
  **6**   9            F     CBZ      GTCS           IgG3                           22                       20                        22-320    2    752    644   1124±235     \+

Ig= immunoglobulin; CBZ= Carbamazepine; VPA= Valproic acid; PB= Phenobarbital

PS= Partial Seizure; GTCS= Generalized Tonic Clonic Seizure;

F=Female; M=Male

a: Obtained form Schur PH, Rosen F, Norman ME. Immunoglobulin subclasses in normal children. Pediatr Res 1979; 13: 181-183.

b: Obtained form Stiehm ER, Fudenberg HH. Serum levels of immunoglobulins in health and disease. A survey. Pediatrics 1966; 37: 715-727.

c: One standard deviation calculated and normal range for IgG level is in 2SDs range.

Among 27 patients receiving CBZ, significant decrease in at least one serum IgG subclass level was found in 5 patients (18.5%). Of these 5 patients, IgG2 was declined in two patients, IgG3 in one patient, IgG4 in one patient, while decrease of both IgG3 and IgG4 was found in another one. Among 20 patients of VPA group, only one patient (5%) showed significant decrease in IgG2 subclass. None of the 14 patients in PHB group showed significant decrease in IgG subclasses.

IgG levels declined in three cases of 6 patients with IgG subclass reduction. One of them had reduction in IgG concentration even before reduction in IgG concentration even before treatment, considering the fact that durationbetween beginning of epilepsy and treatment was 330 days.

AED serum concentrations measured in all patients after six months of therapy, were in therapeutic levels.

Discussion {#S0004}
==========

Epileptic disorder is one of the most prevalent diseases of CNS among childhood and adolescence\[[@CIT0002]--[@CIT0004]\]. Immune mechanisms may be involved in the pathogenesis of a number of epilepsies such as Rasmussen\'s encephalitis, Lennox-Gastaut syndrome, Landau-Kleffner syndrome, and temporal lobe epilepsy. Also immunologic abnormalities have been reported in epilepsy, either by direct effect of epilepsy on immune system\[[@CIT0022]--[@CIT0024]\] or by effect of antiepileptic-drug (AED) on serum immunoglobulin levels\[[@CIT0005]--[@CIT0008]\].

There are several reports concerning the effects of AEDs therapy on humoral and cellular immunity, which are summarized in [table 4](#T0004){ref-type="table"}. Based on reported studies, frequency of reduction in IgG subclass could be up to 65%, mainly occurring in IgG2 subclass\[[@CIT0010], [@CIT0012]--[@CIT0015]\].

###### 

Studies that showed Anticonvulsant effects on IgG and IgG subclasses

  Year       Author                                 Study type          Sample size                                                    Drugs                                                                        Findings                                                                                                                             Percent      Related symptoms
  ---------- -------------------------------------- ------------------- -------------------------------------------------------------- ---------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------ ------------ -----------------------------------------------------------------------------------------------------------------------------------
  **1988**   Gilhus NE, Lea T \[[@CIT0015]\]        Case series         20 patients (10--60 years)                                     Carbamazepine                                                                Significant decrease in IgG2 in 13 patients                                                                                          13/20=65%    **\--**
  **1991**   Lend C, et al \[[@CIT0009]\]           Case Control        60 (25 epileptic treated, 17 epiletic untreated, 18 healthy)   Carbamazepine or alproic acid)                                               Decrease in Serum I&G                                                                                                                             Our data do not seem to argue for major changes in immune status related to clinical type of epilepsy or to VPA or CBZ treatment.
  **1994**   Basaran N, et al \[[@CIT0026]\]        Case control        130 (40 healthy, 90 epileptic patient)                         Carbamazepine, Phenytoin                                                     Significant decrease in IgM with carbamazepine, Significant decrease In IgA and IgG with Phenytoin                                                No point to related manifestation
  **1997**   Mae oka Y, et al \[[@CIT0012]\]        Case report         A 17 months old infant                                         Zonisamide                                                                   Significant deficiency ofIgAandlgG2                                                                                                  No Percent   **\--**
  **2001**   Moschione Castro APB, et al ^\[13\]^   Case report         A 7 year old boy                                               Carbamazepine                                                                Significan decrease of IgA and IgG2                                                                                                  No Percent   \--
  **2003**   Kato Z, et al \[[@CIT0014]\]           Case report         A 9 year old boy                                               Carbamazepine                                                                Decrease in IgG2 and IgG4                                                                                                            No percent   Recurrent enterocolitis and otitis media.
  **2003**   Callenbach PMC,etal \[[@CIT0011]\]     Unselected cohort   282 child                                                      Carbamazepine and Valproic acid monotherapy                                  Significant decrease of IgA and IgG4 with carbamazepine usage, Significant decrease of IgA and increase of IgGl with valproic acid   ?            **\--**
  **2004**   Go TP\[[@CIT0011]\]                    Case report         One case, 12 year ld boy                                       Carbamazepine                                                                IgGl and IgG2 deficiency                                                                                                             No percent   asymptomatic
  **2005**   Ranua J, et al \[[@CIT0017]\]          Cohort              958 (child and adult)                                          Phenytoin, lamotrigine, carbamazepine, oxcarbazepine, lonazepam, valproate   Significant decrease of IgA with all drugs especially with carbamazepine, No significant change in IgG and IgM                                    No point to related manifestation

Sixty one newly diagnosed epileptic patients were enrolled and their IgG level and its subclasses were measured before and six months after treatment. In our study, the median period between the first seizure and beginning of treatment was 30 days, which is comparable with Dutch study of epilepsy in childhood with a period of 69 days\[[@CIT0011]\]. The IgG subclass of antibodies composed of four different subtypes: IgG1, IgG2, IgG3 and IgG4.

IgG1 consists of 66% of IgG, while IgG2, IgG3, and IgG4 consist of 24%, 7%, and 3% of IgG, respectively\[[@CIT0025]\]. The amount of the different IgG subclasses present in the bloodstream varies with age\[[@CIT0020]\]. As shown in [Table 3](#T0003){ref-type="table"}, none of our patients showed IgG subclasses alteration (increment or decrement) at the beginning of treatment, but there was reduction in IgG in one case before beginning of treatment; duration between epilepsy and treatment in this case with decreased IgG was 330 days; it is not clear whether untreated epilepsy could have any effect on immunoglobulin level. This hypothesis needs further investigation. A number of studies decreased IgG was 330 days; it is not clear whether untreated epilepsy could have any effect on immunoglobulin level. This hypothesis needs further investigation. A number of studies on patients and experimental animals indicated that AEDs can induce a decreased humoral immune response\[[@CIT0006], [@CIT0015], [@CIT0026]--[@CIT0033]\] while the state of epilepsy or the underlying brain disorder may predispose immunodeficiency even before AEDs treatment\[[@CIT0015]\]. Moreover decrease of IgG2 is not sufficiently pronounced to cause a significant change in the total serum IgG concentration\[[@CIT0006]\], although we observed a decrease of total IgG in one patient.

Selective IgG1 subclass deficiency is very rare condition. IgG2 subclass deficiency is the most frequent subclass deficiency in children, while IgG3 subclass deficiency is the most common subclass deficiency in adults. IgG4 deficiency usually occurs in association with IgG2 deficiency. Considering the fact that normal population could have undetectable IgG4, selective IgG4 deficiency is generally not assumed as an immunological defect and not usually of clinical significance\[[@CIT0025]\].

Considering the effects of CBZ on IgG subclasses, there are some previous studies that showed IgG2 decrement after treatment\[[@CIT0023], [@CIT0024]\]. Similar to these studies we found two cases with decrease of IgG2 6 months after therapy. Combined deficiency of IgG1 and IgG2 was also reported\[[@CIT0010]\]. We found two cases with decrease of IgG3 and IgG4; one of them had combined deficiency of IgG3 and IgG4. Considering the effects of VPA on IgG subclasses, there is only one previous report of increasing IgG1\[[@CIT0011]\]. Among 20 patients treated with VPA, only one patient showed IgG2 deficiency which has not previously been reported to our best knowledge. In the Dutch study, a significant decrease of IgG4 levels was found in association with CBZ use, while increase in IgG1 level was reported in association with using VPA\[[@CIT0011]\]. In another study, an association between CBZ monotherapy and a decrease of IgG2 was described, while IgG4 remained unaffected\[[@CIT0015]\].

None of patients treated with PHB showed alteration in IgG subclasses, but further studies with larger samples for this drug could be recommended. Although the exact mechanisms for IgG subclass deficiencies in the patients using AEDs are not clear, defect of B cell maturation induced by AEDs are proposed to be responsible in this regard\[[@CIT0010]\].

Although an increased risk of susceptibility to recurrent infections, especially respiratory tract infections, are the most frequently manifestations in patients with IgG subclass deficiencies\[[@CIT0034]--[@CIT0036]\], none of our patients with decrement of IgG subclasses had more frequent respiratory tract infections than other patients with normal IgG subclasses, which was similar to previous study\[[@CIT0017]\].

In respect to the fact that our IgG subclass deficient patients were asymptomatic, we did not decide to change or discontinue the drug because of its humoral effects. Therefore AED effects on IgG subclasses can be asymptomatic without clinical significance.

The results of this study were limited by the fact of small sample size and short period of follow up. Although in our study, children with selective IgG subclass deficiency were asymptomatic, we recommend following practices in epileptic patients undergoing treatment with AEDs: It is a good practice to assess the serum immunoglobulin levels at starting the administration of anticonvulsant drug in an epileptic patient; evaluation of serum immunoglobulin levels at serial intervals after beginning of AEDs could be considered; and it is a good practice to discontinue or change the AED in an epileptic patient with decreased serum immunoglobulins.

Conclusion {#S0005}
==========

Treatment with AEDs is associated with alterations in serum concentrations of IgG subclasses and professionals who frequently prescribe these drugs should be alert to this alteration. Although in our study, children with selective IgG subclass deficiency were asymptomatic, assessment of serum immunoglobulin levels could be recommended at starting the administration of AEDs and in serial intervals afterward in epileptic patients.
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